High-dependency units are increasing in number and becoming an ever more important part of a hospital's facilities. The optimum staf®ng ratio is unknown, but the Department of Health and the Intensive Care Society recommend a level of one nurse to two patients. We recorded Therapeutic Intervention Scoring System-28 scores and Nurse Dependency Scores for all admissions to our adult, general high-dependency unit over 7 months. We found a weak correlation between the nurse dependency score and the Therapeutic Intervention Scoring System-28 score. The median Therapeutic Intervention Scoring System-28 score was 23 points (interquartile range 19±26), and the median Nurse Dependency Score was 1.0. These results are approximately two-thirds of those for European intensive care units. We conclude that a nurse-to-patient ratio of 1 : 2 may be insuf®cient for an adult general high-dependency unit, and would recommend a nurse-to-patient ratio of 2 : 3.
High-dependency units (HDUs) are becoming an increasingly important part of a hospital's facilities, allowing elective surgical work to continue despite rising intensive care unit (ICU) bed occupancy [1] , earlier discharge of patients from the ICU [2] and reducing ICU readmission rates [3] . Provision of HDU care for high-risk medical and surgical patients may also reduce the need for ICU admission and improve patient outcome [4] . In the UK, the number of HDUs is increasing, as shown in Table 1 [5±8], but there remain several controversies surrounding their organisation, one of which is the nurse-to-patient ratio required to care for these moderately ill but unstable patients. A survey performed in the old Anglia Region in 1995 showed that the nursing establishment on the general medical and surgical wards was approximately three-quarters of a nurse per bed, whereas that on the ICUs was between six and seven nurses per bed [9] . The staf®ng level for an HDU must be considerably higher than the former and somewhat less than the latter, but the optimum level is currently unknown.
Two recent reports have attempted to address this matter. The Department of Health working party [10] and the Intensive Care Society standards subcommittee [11] both recommend that the nurse-to-patient ratio for an HDU should be one nurse to every two patients. There are, however, few published data to support this recommendation. In this prospective study we aimed to assess the nursing and therapeutic dependency of HDU patients, and hence the nurse-to-patient ratio required to care for them.
Methods
All consecutive patients admitted to our adult, general HDU between May and November 1998 (7 months) were enrolled into the study. We recorded basic data concerning age, sex, type of admission (planned or unplanned), source of admission, APACHE II diagnostic category [12] , length of stay and unit outcome, as well as the physiological data necessary for the calculation of the APACHE II score [12] . Every patient had a Therapeutic Intervention Scoring System-28 (TISS-28) score performed at midnight on the day of admission and then every 24 h, as described by Miranda et al.
[13] and shown in Appendix A. If a patient stayed on the HDU for less than 12 h on the day of discharge, then the TISS-28 score for that day was not calculated. All data collection forms were checked on a regular basis by one of the investigators (R.J.) and any omissions were corrected by reference to the patient's records.
Every patient also had a nursing dependency score (NDS) calculated for each shift, as is the normal practice in our unit (Appendix B). The NDS attempts to quantify the qualitative description of nurse dependency given by the Intensive Care Society's guidelines [14] . This is expressed as the number of nurses between 0.5 and 2 required to care for the patient, increasing in 0.5 nurse increments. In our experience, complex ICU patients will have an NDS of 1.5 or occasionally even 2.
Statistical analysis of non-normally distributed continuous data was carried out using the Wilcoxon rank sum test. Correlation between the TISS-28 and NDS was assessed using Spearman rank correlation. A p-value of < 0.05 was considered to be statistically signi®cant. All statistical analysis was performed using the Statistics Package for the Social Sciences (SPSS, version 8.0).
Results
A total of 407 admissions occurred during the study period, representing 787 patient days of complete data. The details are shown in We have shown that there is weak correlation between the therapeutic dependency of the patients, as measured by the TISS-28 score, and the nursing dependency, as measured by the NDS (which includes a range of activities, both measured and unmeasured by TISS-28). There are inconsistencies, however, between the scores obtained by the two systems. For example, the patients with the highest TISS-28 scores have a NDS of 1.0, as do the patients with the lowest TISS-28 scores. Similarly, the TISS-28 scores for a quarter of the patients with a NDS of 2.0 are less than 23 points, the median score for the whole population. These differences may be due to several factors.
The ®rst is the number of patient days in each NDS group. For example, the NDS 1.0 group re¯ects 573 days of data, while the NDS 2.0 group re¯ects only six. The patients in the NDS 2.0 group may have had particularly low scores for their group, and so may have skewed the results. The two systems also weight interventions differently, as they have been designed to perform different functions. For example, the TISS-28 system allocates three points for haemo®ltration at any time during the previous 24 h. This is a relatively low score, equivalent to having two or more intravenous drugs per day. The NDS allocates four points for haemo®ltration in progress, recognising the extra nursing time required, but then adds two points for each time that the haemo®lter is set up, as this takes up even more nursing time. These patients thus have moderately low TISS-28 scores, but high NDS. An opposite example is the pulmonary artery catheter. Some patients returned from theatre following major vascular surgery with a pulmonary artery catheter in situ. This scores eight points in TISS-28, the highest possible score. The only nursing care required, however, was observation of the pulmonary artery pressure trace to detect inadvertent wedging and occasional measurement of the pulmonary artery occlusion pressure. The presence of a pulmonary artery catheter per se does not lead to a high NDS. Some of the patients may therefore have obtained high TISS-28 scores but had lower levels of nursing dependency.
There has been much discussion as to how appropriate TISS scoring is as a method of measuring nursing workload [18] . The work of critical care nurses consists of more than merely delivering the therapeutic interventions measured by the TISS score. The amount of this unmeasured work is, however, likely to be related to the patient's severity of illness and TISS score. Miranda et al. [13] conducted an in-depth analysis of nursing workload as part of their TISS-28 evaluation, involving recording each nurse's activities at random intervals throughout the shift, a method known as work sampling. They showed that the ........................................................................................................................................................................................................................................ We were unable to ®nd any published TISS results from HDUs in the UK, using the standard search methods (Medline and EMBASE searches, and hand searching of Intensive Care Medicine, Critical Care Medicine, Anaesthesia, British Journal of Anaesthesia and Anaesthesia and Intensive Care for the past 5 years). We were also unable to ®nd any evidence of TISS results from HDUs elsewhere in the world. We did manage, however, to ®nd a reasonable amount of TISS data from ICUs in both North America and Europe. We have chosen to focus on the data from the European ICUs as European critical care practice may be more likely to re¯ect UK practice than that from North America. These data are summarised in Table 4 .
As can be seen from these data, the TISS-28 score for our HDU patients is only marginally lower than the scores reported for the European ICU patients (23 compared with 26±34). Our patients' median TISS-28 score of 23 is identical to that which Malstam & Lind used to distinguish true ICU' patients from`postoperative patients' [19] . The severity of illness scores, where given, show our HDU patients to be less unwell than the ICU patients, as would be expected, but not by a large amount. The median APACHE II score for patients on our ICU is 12, comparable with some of the European ICUs, and the median score for our HDU patients is 9. Our HDU patients therefore receive a moderate amount of therapeutic intervention and they also appear to be moderately unwell. These results may re¯ect the fact that ICU patients in the UK may be more unwell than those in Europe, and hence the HDU patients are also sicker. The increased dependency of our HDU patients can also be inferred by the relatively high NDS of 1.0 compared with < 1.5 for our ICU patients.
Our HDU patients are therefore approximately threequarters as unwell as our ICU patients and those reported in some of the European ICUs. Their level of therapeutic intervention is < 75%, and their level of dependency, as measured by the NDS, is approximately two-thirds of that of the ICU patients. We therefore conclude that our HDU patients need more than half the number of nurses to look after them than the ICU patients, and so, for our patients on an adult general HDU, the recommendation of one nurse to two patients would seem to be too low. A level of two nurses to three patients may be more appropriate for an adult, general HDU with an admission pro®le similar to ours.
More research needs to be performed in this important area, because the ef®cient running of an HDU is intimately related to the staf®ng levels; too few staff may result in both patient care and staff morale suffering, but too many staff will lead to excessive consumption of resources in these times of increasing demand for ef®ciency savings. ........................................................................................................................................................................................................................................... Single speci®c intervention in the high-dependency unit, e.g. tracheal intubation, pacemaker insertion, endoscopy, emergency operation in preceding 24 h, gastric lavage (excluding radiographs, echocardiography and insertion of lines, etc.) 3 Multiple speci®c interventions in the unit as above 5 Speci®c interventions outside the unit À surgery or diagnostic procedures 5
Appendix A
The TISS-28 scoring system
